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An event representing the production and decay of the 

charmed F+ meson has been identified by means of a 3- 

,+ constraint fit to the decay hypothesis c + n+n+n-77 0 , in 

which both Y-rays from the no converted. The event was 

produced by a charged current v interaction in an emulsion 
P 

stack located inside the Fermilab 15-foot bubble chamber. 

The F+ traveled 50 vm, corresponding to a proper time of 1.5 

I 10'13 seconds , before decaying in flight. Its mass was 

determined to be 2017 + 25 M&J. 



-2- 

fvidrnce for the charmed meson F(2030) was first presented by the DASP 

collrborrtlon (1) which detected the decay F * nfj following its 

production in e’r- annihilations. To date, however, there has been no 

convincing confirmation of this result from similar experiments at SAC. (2) 

Another matter cf considerable current interest is the determination of 

this, and other, charmed particle lifetimes which theoretical 

estimates(3’L) place in the range lo-” to IO-“ seconds, and which require 

high spatial resolution to detect the track of the decaying particle. (5) 

In this paper we present PCI event which represents f production and decay 

in an emulsion stack located inside the Fermilab !5-foot bubble chamber. 

The F* was produced by a charged curreot Y,, interaction and was 

identified by means of P 3-constraint (3-C) kinematic fit to the decay 

hypothesis F'(2030) + n+lI+Tl-lI" where both y-rays from the no 

converted. Treating the F* mass as unknovn a 2-C fit found its value to be 

2017 t 25 kV. The invariant mass of the X*X-~ system, using the 

slower of Lhe two n’. was 808 : 20 IieV, not inconsistent with the w mass. 

The F+ traveled P dirtance of 50 pm, corresponding to l proper time of 1.5 

x 10-13 seconds, before decrying in flight. 

Tbe data ccm from aa eltposure of the Fermilrb S-foot deuterium 

chamber, equipped with two-plane external muon identifcr (E!lI), to 

neutrinos from the widehand u,, beam with single horn. Twenty-two l-liter 

stacks of Cryogenic Sensitized 6x2 emulsions were contained in 2 steinless 

steel boxes mounted on the nose-cooe flange just above aad below the median 

plane of the chamber. About 320,000 bubble chamber pictures were taken et 

l machine l nerpy of 350 GtV with l o. average of 1.6 x 10 
13 

protons per pultc 



The bubble chamber pictures were scanned for tracks which leave the 

emulsion boxes and enter the chamber. These tracks were then vrsured rod 

projected back to predict their common origin in the emulsion; events were 

subsequently found by scanning in the vicinity of the predicted vertex. 

Tbe emulsion extends : 5 cm along the berm direction and only 0.6 Q of 

steel, comprising the front face of the uolsion box, lies between the 

emulsion and the chamber liquid. 

Fig. l(a) shows the event as it appears in tbe emulsion. The particle 

of interest is produced at point A and travels to point B. The vertex B is 

cleao, with no sign of nuclear excitation or recoil, aa expected for 1 

decay. The two unnumbered tracks at the primary vertex A art nuclear 

fragHnts each of which travels less than 500 p before stopping in the 

emulsion. All other tracks from the primary vertex are consistent with 

mini- or plateau ionization and enter the bubble chuber; they art sbom. 

appropriately labeled, in Fill. I(h). 

Of the tracks at the secondary vertex B. numbers 1.1 and 4.2 (both 

consistent with minimum/plrtew ionization) arc also seen in the bubble 

CbUbU. Bwcvcr track 6.3 does mot enter the chamber, .o that ita ctmrct 

aad the u@tude of ita momentum cannot be determined directly. XC YU 

possible to measure its ionization in the emulsion end tbun determine 

b = 0.65 + 0.06. In addition, if the vertex B represents a decay then the 

charge of track 4.3 must be oegative. This follows from the fact that 

tracks 4.1 and 4.2 are both known to he positive and a positive chrrle 

assignment to track 4.3 would imply aa ionization c 9 times minimu for 

track 4, contrmy to its observed ionization. 

There are 3 additional tracks which emerge fror the box at point C but 

which we not seen in the em~+lon. Of tbcac, tracks 5 end 6 .ppe.r to be 
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coosisrrnt rlth 60 c-c* pair from a y cooversion (7,) while track 7 may 

be inrrrpretd as an c’ from another y conversion (y2) in which the 

corresponding l does not enter the bubble chamber. 

Table I presents a sumary of track parameters for the event obtained 

from measurements botb in the l mulsioo and in the bubble chamber; the v 

beam direction is also included for reference. Tracks rasured in the 

bubble chamber have all been swum back to their respective origins 
(6) and 

their angles trsnsfolPed to the same reference frame as the emulsion data. 

There is good correspondence between the measured angles for those tracks 

seen in both the emulsion and the chamber. In addition the event was found 

well within errors of its predicted location. 

Before dirccssing kinematic fitting at the secondary or decry vertex B, 

two important features of the event should be noted: (a) the transverse 

moeaLum of track 4.1 (relative to the direction of track 4) is + 600 

H&‘/c which is much higher than corresponding mowota encountered in the 

decays of !lcn-charmed “stable” particles, and (b) it is not possible to 

balance transverse momtnt~1 usl~ng only the charged particles observed at 

rerZer 8. These expectations are confirmed by kinematic fittins using the 

tracks at B and ignoring tracks 5, 6, and 7. In kinematic fitting, track 

anales measured in the emulsion were used whenever available; all possible 

ideotities were tried for the charged particles (7) and fits were attempted 

to l variety of charmed meson and batyen decay hypotheses as wll as to the 

decry of ma-charmed particle states. Only fits to D*(lBbB), F+, and Az(2257) 

were obtained. all of which were O-C fits involving a missing neutral such 

l a v, y or no. 

It IS clearly csscatial that there be a missing neutral at vertex B, 

and we proceeded to try kin-tic fits iocludins y1 (which yielded the l - 
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l + pair represented by crocks 5 and 6) and y2. For the latter. only the 

e+ (track 7) from the conversion was seen. and it was used to determine the 

direction (but not the wgnitude) of the momentwl of y2. Only 3 fits were 

obtained, namely F+ -t n+n+n-no, F 
+ 

-c I(+,+,-,“, and ,,; + prr+r-,“, where in each 

case no + y,y2; none of the previous fits for 0+(1868) survive to give 

a fit when yl and y2 are included. If one ignores the incomplete y2 one 
++- 

obtains a fit to the additional hypothesis F’ * n n n yl. These 3-C 

fits art shown in Table II. The only one of these fits with an acceptable 

x2 is Fe + n’n+n-n’ which has x2 = 3.77; of all the hypotheses 

tried, it is the only one that satisfactorily accounts Por all the observed 

tracks. (‘I A surary of the results for this fit is presented in Table 

III. 

We next consider the question of whether the event can be explained as 

an interaction rather than a decay. The probability of finding such aa 

interaction in our event sample may be calculated from a knowledge of (a) 

the interaction mean free path in emulsion for event configurations with an 

odd umber of prongs.aad no sign of nuclear excitation or recoil, (9) 
(b) 

the.average multiplicity of relativistic hadrons produced in Y 

interactioas, and (c) the evecase distance each track is followed in the 

emulsion. The probability thus calculated is < 10 
-3 making such ao 

interpretation unlikely. 

Although no kinematic fits were possible at the production vertex A, 

there are nevertheless several characteristics of the production process 

that can be established. The 12 CeV/c negative particle (track 1) is 

identified es a p on the basis of the EHI data. In addition, 
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track 3 ,S most likely due to J n-, on the basis of its observed 

ionization in the emulsion. The total visible energy release at production 

is 2 16 CeV. In addition. we find Q2 = 2.3 + 0.G (13eV/c)~, l d xvi, = 

0.30 -+ 0.05, y& = 0.26 _+ 0.01 for the usual scaling variables. (101 

In s-ry, we conclude that the event represents the production of y* 

by vu in a charged current reaction, with the subsequent decay Fe + 

n+n+n-n” Occuring after 1.5 x 10 
-13 sec. 

We thank the 15-foot bubble chamber crew as well as our scanning and 

measuring staffs for their help. We are also indebted to Dr. Lubomilov for 

processing the emulsion, and the IIT-tlaryland-Stony Brook-Tohoku-Tufts 

collaboration for making the bubble chamber film available. This work was 

supported by the U.S. Department of Energy and the National Science 

Foundation. 
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fm.K II 
3-c Fits Obtained 

F*i2030) * n*n+n-no 

L 
YlY2 

K+ll+ll-Il" 

L 
*172 

+* - 
nnnY1 

A322571 * 
+- 0 

p, 1 . 

I.+ 
11'12 

x2 = 3.77 

x2 = 12.7 

x2 = 16.7 

x2 - 11.7 
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TABLE III 

0 
Fit Results for F*(2030) * n':n+n-n", with n * yIy2 

l,DhNTlTY AZIlRlTH DIP 
(de8.j (deg. 1 

F+(ZO30) -2R.l+_C.2 

n+ -45.2zO.2 

n+ -2.3~0.3 

n- 06.4~0.4 

R 25.0+_2.2 

11 
32.1z1.9 

r2 
3.5+3.4 

5.1+0.4 

11.5+0.4 

41.3zo.3 

-62.4tO.4 

-28.2?1;6 

-22.8:1.6 

-39.7z3.9 

2.37 9.03 

2.01 5.01 

0.2993.003 

0.133+0.01R 

0.56@J.O2R 

0.415*0.010 

0.169+o.q29 



FIGURE CbPt!&tt 

Fig. I (a) Camera Lucidr drawing of the event as is appears in tbe 

emulsion. The Y interaction Lakes place at point A and the 

charmed meson (track 4) travels to point B where it decays. The 

plane of the aulsion ia vertical. (b) Bubble chamber pbOtO8r@ 

shaving the tracks as they emerge from the emulsion box at point 

C. Tract 4.3 from the decay does mat enter the bubble chamber. 

Tracks 5, 6. and 7 are not seea in the emulsion and are electron 

and positron tracks from y-ray conversions. llote that track 6 

(interpreted as c*) has l very large &ray at point D. The 

bubble chamber photograph is a projection an a horizontal plane. 
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